Let\u27s Examine Crop Rotations by Pierre, W. H & Browning, G. M
Volume 6 | Number 3 Article 2
7-1-1945
Let's Examine Crop Rotations
W. H. Pierre
Iowa State College
G. M. Browning
Iowa State College
Follow this and additional works at: http://lib.dr.iastate.edu/farmsciencereporter
Part of the Agriculture Commons
This Article is brought to you for free and open access by the Iowa Agricultural and Home Economics Experiment Station Publications at Iowa State
University Digital Repository. It has been accepted for inclusion in Farm Science Reporter by an authorized editor of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Pierre, W. H. and Browning, G. M. (1945) "Let's Examine Crop Rotations," Farm Science Reporter: Vol. 6 : No. 3 , Article 2.
Available at: http://lib.dr.iastate.edu/farmsciencereporter/vol6/iss3/2
Jlai'i Cx&mine CROP
ROTATIONSW E HAVE BEEN so in­volved in producing the crops the government has asked for to help win the war that we are in 
danger of losing sight of the need 
of growing good rotations for 
maintaining fertility and produc­
ing high yields per acre.
Iowa farmers are now growing 
nearly a third more acres of corn 
and soybeans than they did in 
1941—the combined acreage of 
these two crops is nearly V/z mil­
lion acres more than it was in 
1941. With this increase in the 
acreage of row crops has come 
a decrease in the soil conserving 
crops—the hay and pasture.
Though this change has been 
necessary, it is time now to check 
up on just what the change means. 
We need to get ourselves ready 
for a “right face” or a “left face” 
if not an “about face” in our crop­
ping system.
Soil Fertility Declining
How much has this change in 
our cropping system increased soil 
depletion on Iowa farms ? The 
rate of depletion has been over 
one-half faster since 1941 than be­
fore, a careful study shows.
The growing of intertilled crops 
such as corn and soybeans not 
only uses plant food much faster, 
but the loss from erosion is great­
er, too, on rolling land. On the 
other hand, legume sod crops add 
nitrogen and organic matter to the 
soil which following crops can use, 
and legumes greatly reduce soil 
erosion. So when we grow fewer 
acres of these soil conserving crops 
and put into their place crops that 
rapidly take away plant food and 
increase erosion, it’s easy to see 
why our soil fertility has gone 
down rapidly since 1941.
1 Legumes “Core” of Rotation
The first and most important 
requirement of a good crop rota­
tion is that it contains plenty of 
legumes. Sod crops of legume- 
grass combination produce much
They M ake B ig  Differences in the Crop^ 
Yields at Present Tim e and in the Future^
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feed per acre and, in addition, they 
do these things:
1. Increase the yields of other 
crops in the rotation.
2. Help maintain soil fertility, 
particularly the nitrogen and 
organic matter.
3. Produce good soil tilth.
4. Help control erosion, v
The number of years the land 
should be kept in meadow or pas­
ture during the rotation varies 
with the kind of soil and the steep­
ness of the slopes. The less the 
organic matter content of soils or 
the steeper the slope the larger 
should be the proportion of soil 
conserving crops in the rotation. 
In all cases, however, the legume 
crop is the first requirement or 
“core” of the rotation.
Corn Yields Increased
How much can you expect leg­
umes in the rotation to increase 
the yield of corn? You can get a 
partial answer to this from two 
experiments at our Experimental 
Farm in Page County. In one of 
these experiments corn has been 
grown continuously for 13 years
on the same plots, while plots be­
side them were in a 3-year rotation 
of corn, oats and red clover.
During the 13 years the corn 
grown continuously on the same 
land averaged 31.8 bushels per 
acre, while that grown in a 3-year 
rotation averaged 54.0 bushels—an 
increase of over 22 bushels an 
acre for rotation. Moreover, the 
difference in yield between the 
two treatments is rapidly getting 
greater (see the graph, p.4). In the 
last 5 years (1940-44) the corn 
grown in the rotation averaged 
71.2 bushels per acre while that 
grown continuously averaged only 
23.9 bushels per acre.
In another experiment using 
three different rotations, the most 
striking result was the large bene­
fit obtained from sweetclover. 
Where sweetclover was grown in 
oats and turned under the follow­
ing spring for corn, the yield of 
corn was increased an average of 
26 bushels per acre (graph, p. 5). 
This shows the marked benefit 
that would be obtained each year 
in the yield of corn if all the small 
grain in Iowa were seeded down 
to a legume or legume-grass mix­
ture. Many thousands of acres of
The previous cropping system affects the rate com grows as well as 
the yield. Left, continuous com, 13th year, yield 26 bu. per acre; 
center, com in rotation of com-oats-red clover, yield 86 bu; right, 
com following 12 years alfalfa, yield 106 bu. The picture shows 
part of experiment at Experimental Farm, Clarinda, to study effect of 
cropping systems on soil and water loss and yields. Photo, July 22.
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The two pictures show how the cropping system affects the cloddiness 
(soil tilth). Above, in corn continuously for 10 years; below, second year 
of com in a rotation of corn, com, oats, clover. Marshall silt loam.
oats and wheat still are not seeded 
to legumes in sections of Iowa.
Where corn was grown in a 4- 
year rotation of corn, oats, fol­
lowed by clover and timothy for 
2 years, the yield of corn was 32 
bushels higher than when grown 
in a corn-oats rotation. In poor 
crop years the differences in yield 
may be smaller than those ob­
tained in the good crop years of 
1942-1944. However, the differ­
ences between the poor and good 
rotations will probably become 
greater the longer the treatments 
are continued.
Organic Matter, Nitrogen
One of the most important rea­
sons why crop yields decrease 
when land is kept in grain crops 
such as corn and oats is that these 
crops lower the nitrogen and or­
ganic matter content of soils. 
Nitrogen is needed by plants in 
large quantities. With too little 
nitrogen; plants turn pale green 
and make spindly growth.
When legumes are brought into 
the rotation the crop following has 
a dark green color, an indication 
that it is getting plenty of nitro­
gen. Inoculated legumes do not 
depend on the soil for nitrogen, 
but absorb it from the air through 
the nodule bacteria on their roots. 
Both the roots and tops of leg­
umes contain large amounts of 
nitrogen taken from the air. When 
these are plowed under, both
nitrogen and organic matter are 
added to the soil.
At the Agronomy Farm at 
Ames we have studied the loss of 
organic matter from soils cropped 
differently for a period of 20 years. 
We found that where corn was 
grown continuously on Clarion 
loam soil, the loss of organic mat­
ter amounted to 18.3 percent. 
When grown in a 3-year rotation 
of corn, oats and clover the loss 
was reduced to 11.7 percent.
The difference obtained in a 
similar experiment on Marshall 
rilt loam soil was even greater. 
Where corn was grown continu­
ously for 10 years, 15.6 percent of 
the organic matter was lost while 
the loss was only 0.9 percent 
where a 3-year rotation of corn, 
oats and clover was followed. 
(See table 1.)
Erosion, Runoff Decreased
Another important reason for 
following a good rotation which 
includes legume and grass sod 
crops is to reduce soil erosion and 
conserve water. Close growing 
crops, like legumes and grasses, 
protect the soil from erosion and 
enable it to absorb more of the 
rainfall. This has been well 
demonstrated from studies carried 
on at the Experimental Farm in 
Page County during the past 14 
years. The average loss of soil 
from the different crops of a 
3-year rotation was as 
follows: From corn,
18.4 tons per acre per 
year; from oats, 10.1 
tons; and from clover 
sod, only 0.2 ton. (See 
table 2.) This shows 
that practically no soil 
was lost where red 
clover, alfalfa or blue- 
grass was grown, but 
large losses occurred 
where corn was grown.
The runoff was also much greater 
with corn.
Legumes and grasses in the 
rotation also reduce the loss of soil 
and water during the years follow­
ing the plowing of the sod. In the 
experiment on Marshall silt loam 
(table 2), land in corn following 
clover in the rotation lost less than 
one-half as much soil and only 
two-thirds as much water as 
where corn followed corn.
The reason for this difference is 
that sod crops improve the physical 
properties or tilth of the soil. This 
makes it possible for the soil to 
absorb more water so there is less 
water to run off and cause soil 
erosion.
The beneficial effect of sod on 
soil tilth is shown in the accom­
panying photographs on this page. 
Following continuous cropping 
with corn the soil turned up in 
large clods when plowed, whereas 
the corn ground that had been in 
clover 2 years previously had very 
few large clods and was in good 
physical condition when plowed.
Fitting Rotation to Soil
The kind of rotation that should 
be followed on a given farm de­
pends on the fertility of the soil 
and how easily it erodes. In gen­
eral the less the organic matter 
content of the soil and the more
Yields are low when 
corn is grown con­
tinuously. Note th e  
increasingly h i g h e r  
yield from the rota- 
t i o n  wi t h  clover. 
Marshall silt loam.
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i Increase in corn yield from legum e and meadow mixtures in the rotation
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Legumes in rotation increase the 
yield of corn. Marshall silt loam. 
Soil 'Conservation Experimental 
Farm, Clarinda, la. (Years 1942-44.)
sloping the topography the greater 
should be the proportion of legume 
and grass sod. On soils of rolling 
topography, rotations should be 
supported by such erosion control 
practices as contouring or terrac­
ing. The use of these practices 
will reduce the proportion of sod 
crops needed in the rotation.
We shall discuss briefly a few 
examples of some standard rota­
tions that fit different general soil_ 
conditions.
Group A— Level Soils
Since these soils are not subject 
to erosion, the proportion of leg­
umes in the rotation need not be 
as large as on soils of rolling 
topography. One of the most 
common rotations followed on 
such soils is a 4-year rotation of 
( Corn—com—oats—clover. This ro­
tation provides for 50 percent of 
the land in corn or for a 1 to 2 
ratio of soil conserving to inter­
tilled crops j^ If soybeans are 
grown, part of the corn land may 
be used for soybeans without 
changing the general rotation plan/
We have had such a 4-year ro­
tation of com—com—oats and 
clover-timothy meadow on plots at 
the Agronomy Farm at Ames since 
1915, and good crop yields have 
been maintained. During the past 
5 years the yield of first-year corn 
on these plots has averaged 63.3 
bushels per acre where the soil re­
ceived no other treatment during
this period, and 80.5 bushels per 
acre where lime, manure and phos­
phate had been used regularly. 
This experiment is located on 
Webster soils, which are high ,in 
organic matter and quite level.
Group B— Gently Rolling
On many gently rolling soils or 
on only moderately productive 
soils the ratio of soil conserving to 
intertilled crops should be about 1 
to 1 instead of 1 to 2 as in Group 
A above. This type of rotation is 
best illustrated by the 3-year ro­
tation of com—oats—clover. It is 
a rotation that has been followed 
by many farmers in some sections 
of the state. One objection to it 
where one desires to grow alfalfa 
is that it has only 1 year of sod. 
In order to overcome this objec­
tion and still maintain a ratio of 
soil conserving to intertilled crops 
of 1 to 1, a 5-year rotation of 
com—com—oats and 2 years of 
an alfalfa-bromegrass mixture can 
be used. In this rotation 40 per­
cent of the land is in corn instead 
of 33 percent as in the 3-year rota­
tion of com—oats—clover.
. Group C— Rolling to Hilly
A third group of soils are those 
on which about 2 acres of soil con­
serving crops need to be grown for 
each acre of intertilled crops to 
control erosion and maintain 
fertility. These are the rolling to 
hilly soils. A common rotation 
for these soils is a 4-year rotation 
of com—oats and 2 years of 
alfalfa-bromegrass mixture. It has 
only 25 percent of the land in corn 
and permits good control of ero­
sion during the 2 years of sod, but 
it needs to be supplemented with 
such erosion control practices as 
contouring, strip cropping or ter­
racing.
One or Two Years of Corn?
In two of the rotations that have 
been described, corn is grown 2 
years in succession. With the 
Group B soils, many farmers grow 
2 years of corn in succession in 
order to have more than 1 year of 
sod and still maintain a fairly high 
amount of corn or intertilled crops. 
The disadvantage of this system
Vetch cover crop seeded in com on 
Aug. 14. Photograph was taken Oct. 
21. Experimental Farm, Clarinda.
is that the growing of 2 years of 
corn in succession is conducive to 
soil erosion. Moreover, the ques­
tion has often been raised as to the 
comparative yields of first and 
second-year corn. Tests at the 
Agronomy Farm at Ames and at 
the Soil Conservation Experi­
mental Farm in Page County help 
answer this question. The results 
obtained are shown in table 3.
In all experiments the first-year 
corn outyielded the second-year 
corn. During the favorable crop 
years of 1943 and 1944 the first- 
year corn averaged 20.8 bushels 
or 30.2 percent higher than 
second-year corn at Clarinda and 
11.7 bushels or 13.5 percent higher 
at Ames. The long time averages 
which include a number of dry or 
unfavorable seasons give values of 
6.1 to 8.5 bushels in favor of first- 
year corn, or an average of about 
16 percent. The reason for these 
differences is that the beneficial 
effect of the legume sod in mak- 
ing nitrogen available and improv­
ing soil tilth (physical condition 
of the soil) only partially carries 
over into the second year.
Use of Cover Crops
The shortcomings of a rotation 
with 2 years of corn or intertilled 
crops in succession can be partly 
overcome by seeding a legume
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T A B L E  1. T H E  E F F E C T  OF  
CROP RO TATIO N  ON LO SSES
Clarion loam 
Ames
Cropping system P®10®?*loss in 20 yrs. 
(1918-38)
Marshall silt 
loam 
Clarinda 
Percent loss 
in 11 yrs. 
(1931-41)
Continuous
corn 18.9 15.6
2-year rotation 
(Corn—oats) 16.1
3-year rotation 
(Corn—oats— 
clover) 11.7 0.9
Modified 4-year
rotation 
(Corn—oats— 
legume hay— 
wheat)* 10.2
cover crop in the first-year corn. 
Not only will the cover crop pro­
tect the soil from erosion but it 
will supply nitrogen for the sec­
ond-year corn.
Rye and vetch or sweetclover on 
land supplied with lime, and rye 
and vetch on unlimed or acid areas 
have been successful as cover 
crops when broadcast with a culti­
vator attachment or endgate seed­
er either before or after the last 
cultivation of corn, or when seeded 
in standing corn with a one-horse 
grain drill about Aug. 15. In about 
1 year out of 5, on an average, 
good stands will not be obtained 
at the time of last cultivation be­
cause of July or early August 
drouths or because of grasshopper 
or chinch bug injury. Seedings of 
rye and vetch made between Aug. 
15 and Oct. 1 seldom fail, but those
made about Aug. 15 make the 
most growth. Seeding of sweet- 
clover should be made by Sept. 1.
Use Alfalfa-Bromegrass
During recent years the experi­
ence of many farmers and the re­
sults of experimental work have 
emphasized the value of alfalfa 
and bromegrass grown together as 
a perennial hay and pasture crop. 
An alfalfa-bromegrass meadow or 
pasture produces a large yield of 
high quality feed on adapted land 
and is very effective in controlling 
erosion. So we may expect an in­
crease in the acreage of this im­
portant crop combination in the 
next 10 years.
You may wonder, “How can I 
best fit this valuable crop regular­
ly into my rotation and at the 
same time grow the desired acre­
age of intertilled crops?” Hilly 
and steep fields should, of course, 
be in grass-legume pastures or 
meadows as much of the time as 
possible in order to protect the 
land from erosion. The problem 
is with the less rolling land, or the 
land that is in regular rotation. 
There is a strong tendency to keep 
the alfalfa-bromegrass meadow or 
pasture 3 to 4 years, or as long as 
it is producing well. The result is 
that the other cropland on the 
farm is kept in corn or non-legume 
crops for several years in suc­
cession—a situation that reduces 
yields and encourages erosion.
On level or gently rolling soils it 
would be much better to keep each 
field in meadow or pasture not 
more than 2 or 3 years, and thus 
maintain the productivity of all 
fields on the farm. This carTbe 
done on many farms by using a 
5-year rotation, previously de­
scribed, of corn—com—oats and 
alfalfa-bromegrass for 2 years. 
This rotation provides for 40 per­
cent corn or intertilled crop and 
40 percent of perennial meadow.
I I f you want to avoid 2 years of 
'corn in succession on rolling land, 
this rotation can be readily 
changed to a 6-year rotation of 
com—oats (with sweetclover crop 
for green manure)—com—oats— 
and 2 years of meadow. In this 
rotation, the two corn crops do not 
occur in succession, and a legume 
crop precedes each corn crop. At 
the same time 33 percent of the 
land is in corn.-1
In some tests reported by the 
Wisconsin Agricultural Experi­
ment Station the best hay is 
made when the day is real hot and 
the hay dries rapidly. In fact, 
artificially dried hay is the best 
source of carotene for livestock.
Hay which is never exposed to 
sunlight contains practically no 
vitamin A, says G. Bohstedt of the 
University of ^fisconsin. On the 
other hand, too long exposure will 
bleach out the carotene.
T A B L E  2. E F F E C T  O F KIND O F CROP AND O F  
CRO PPIN G  SYSTEM  ON LO SSES O F SO IL  
AND W A T ER . (1933-44)
(Marshall silt loam, 9%  slope, Clarinda)
Cropping system Crop
Soil losses 
(tons per acre)
Runoff
%  of rainfall)
Continuous corn Corn 38.3 18.2
Rotation of
Corn 18.4 12.6
corn, oats 
and clover
Oats 10.1 9.9
Red clover 0.2* 1.8*
Continuous alfalfa Alfalfa 0.01 2.2
Continuous bluegrass Bluegrass 0.03 1.2
* Does not include 1936 and 1937 when stands of clover were not 
obtained.
T A B L E  3. A COM PARISON O F T H E  Y IE L D  OF 
CORN T H E  F IR S T  AND SECOND Y EA R  
A F T E R  S EE D E D  TO LEG U M E.
Yield in bushels per acre ___
Location of 
experiment Years 1st year corn
2nd year 
corn 1
Decrease in 
2nd year 
corn
Old Rotation, 
Ames,
Webster silt 
loam 1917-38 62.4 53.9 8.5
New Rotation, 
Ames,
Webster silt 
loam 1943-44 98.5 86.8 11.7
B-Terrace E x ­
periment, 
Clarinda, 
Marshall silt 
loam 1931-44 43.6 37.5 6.1
New Rotations, 
Clarinda, 
Marshall silt 
loam 1943-44 89.4 68.6 20.8
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